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(54) Title: FLUORESCENT PROTEIN 
HI (54) Segj<P^»: gjfegag 

Sg < 57 ) Abstract: It is intended to provide a novel fluorescent protein originating in an organism other than Aequorea coerulescens. 

Tra^ a fluorescent protein originating in Galaxea fascicularis which has the following characteristics is provided: (1) having an 
— average molecular weight of about 27000; (2) forming a tetramer in the equilibrated state; (3) showing the maximum excitation 
= wavelength of 492 nm and the maximum fluorescent wavelength of 505 nm; (4) showing a molar absorbance index of 74100; (5) 
=1 showing a quantum yield of 0.625; and (6) having a low pH-sensitivi(y of the fluorescent properties within a pH range .of 5 to 12. 

== (57) Sift: 

m iTZ>Zk~ehZo *&m\Z£tltt. r-ft-t^^ (Galaxea fascicularis) B3^ 
~ (1) 4&-M\*%)2 7 0 0 Of 

(2) wmitvtMx-imfcZj&fc-tz ; 

_ (3) i«M^4 9 2nmffet), M«li5 0 5 nmffeS ; 

S (4) */HBbtfliftl47 4 1 0 0-CfcS ; 

2 (5) **lfc*H:0. 6 2 5-?fc£ ; 

§ (6) pH5~l 2©«HK:*sVN-C*3feWttOpH«gtt^teV> : 
O 
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mm* 

#»Wtt; T-VX^-l/dt (Galaxea fascicularis) &&<D Sr&ft^bfeg SWAT* 
fyWx.fXUT • \?9 V V T (Aequorea victoria) Kl*3l6i-*»fe*3tS 

(GFP) tt, ^^(c*5V>-c#<Offl^SrJrt-5 0 £ifi, 
S«IISife^J:W^aW(semi-rational)^^f||§jfe{cS<5VNT,fe*^b$ 

^Ufci^ofci/r/iGFP $ flX V * § „ fife^m^-^ *. SE«Kl 

mb£<mmztizGFP%Mft<D-'okLxm&&ytw&n (yfp> 

tfibtl-So YFPte, (Aequorea). GFP^^tt-fcfftKI©^ 

Sr^l". »©YFPO £ *5«fctf <I>te, Ztl^fl 60, 000-100, OOOr'cm- 1 
^0.6^0.8^5 (Tsien, R. Y. (1998). Ann. Rev. Biochem. 67, 509-544), 

ztibvmt. -f&tote&ft® (7/i'*i't'( y&£Tfiv-?$ybZ) ©ttfc 

\m Lx&wziircikftftmzttzm&ti:&%m&'%*&mirz r t zmtk-r 
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Mmmzm^Xfit-mte?? << -7-£gmU S3t**t7f Sf-^rf (Galaxea 
fascicularis) W c D N A7 -f 7*7 y -^b±l5^7-T -^-^ffi^T^ft^aK 

If ^ f->r/ (Galaxea fascicularis) S^O^^&KW^^^P^fc^m^ 

IP*>, #3§BJ!fc:£*U^ 7 If SlJ-y^ (Galaxea fascicularis) gl&OTiEO 

(1) #T-fiW:#*J2 7 000; 

( 2 ) ¥««JiT- 4 fi#£^/&-f S ; 

(3) i)gI^W4 9 2nmX'fc^ ibfc&lfcifcftfi 5 0 5 n mX*&% ; 
( 4 ) ^/W®^#^Ctt 7 4 1 0 0 -Qh 5 ; 

(5) m+UmtO. 6 2 5-C&-5;&tf 

(6) pH5~l 20^H{C*5^T^3t#-t4<DpH^§:te^{g;V^ : 

: 

7 6#itf>Gln £ Arg fcL x 1 0 6#@ <D Asn £ Asp {C, 1 1 8 f He & Thr 
IC, 1 5 0#i<DAsp SrGly fc, ^ LT 1 5 7# g (D Val £ Asp £g&Lfc7 ^ 
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1 2 3#BOVal £Thr tC, 1 8 8#@0>Tyr £ Ala iC, 1 9 0#|O Phe <Sr Lys 
DNA#g#fc£*t5 0 

( a ) IE?iJ#-§- 2 £SB*fetf>J££gE?IJ ;X\*. 

e> $ e> icjbijo»«ic «t tux, ±ib t fc*is n <d d n a 5 m^m*. 
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m2\t y *&WWs=t&&<D&ltm&n (Azami-Green) iEGFPOf^ 

0 4|i, pH^M^AG-pHW^)t^ll|jS^-<^ h/W (pH 8.0)^f, 

H5f4 % pH 6d>*bpH 9 ld:}3tt5fi!j&*^ h/U^-To 

m6\t, 380 nm-?IS)&, 480 nm T*S!j& Lfci # CO^^tfit: (520 nm)<£>pH (£<fc 

@7tt, 480 nm Ti5&i&, 380 nm T'JS!)® Lfc 1 1 W^Ttfil (520 nm) <D it ^"To 
El8te, HeLa SUMS-? AG- pH£3§3IU 380 nm £ 480 nm -C^SlfclE&e Lfci # 
Qtt F*Jf£#Htt<7> p H J; 5 »£^-f 0 
HeLa S3 h7^7i^^a V'& 50 ftM ; 90% ; glft^S- 100ms ; 15 &|R] 

Ex 380HT15, 480DF10 Era. 510ALP DM 505DRLP 

Is-yXAOB Uapo/340 NA1. 35 
m 9 ti, HeLa »ia^ AG- p H U 380 nm t 480 nm -CgZfclbjB L It 1 1 

©mis pi^^s wit sr^-r. 

HI 1 013, mAGW^bfc*^ h/l'&tflafi*'** ^£^1% 

aim, *«a»^e**^-t-. 
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UAT\ *»WO.*Jfi^JBfcov^Ta¥llll»J:|ftW1-5. 

(i) *g«(Dft*ffat 

^^©^16111, TlPX-fls* (Galaxea fascicularis) &5fctf> t<Z>-e 

(1) ^*ttJ»2 7 0 00; 

(2) ¥fMf4t^Mf5; 

(3) &j&J£*&fttf 4 9 2 n mtfc 9 , 3t3feffi*8fefitt 5 0 5 nmtfeS ; 

(4) */Mft3fefl5#tt 7 4 1 0 O-Cfc^ ; 

(5) fi^ifc^fcfcO. 6 2 5-C*>5 ;&tf 

(6) pH5-l 2©<6Hfc:&V*T«*#tt©pHSKtt#flB^ : 
Tif^f"V=r (Galaxea fascicularis) W:f-V=fO lit, »#©^tt^3* 

ft < £o < OH^«T^m LT V n^o 

ft*5, ^SfJ^TWlUfeflj-Cli, T1^f-V=r (Galaxea fascicularis) Srfcii 

**fl©*3feae«©^ft|4ft 27OO0t'fe9, 4 

D 8 2 04kDa-Cfc5o ¥«Hb!tfcl» £ «U 

■*3tg6ftSr50mM HEPES pH7. 5, 150mM KC1 ^WffcLfcM£w5 0 # 

*«3H4ffli:ft©«*^tfciL-*-3. :*ltK5-»attV\ -com 
S«£ 50mM HEPES pH7. 5, 150mM KC1 V^Wit U *1\ ± 9 *J6W 
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*nnof3tisfii, uTnmmmxTjki-my , mi^m^Aaiu 92™-? 

fctK %ytm±$LM\t5 0 5nra-?fc5. ^Mli7 4 1 0 Offc!), 4^ 
JfcSfrttO. 6 2 5"Cfc5o -ftl-*fLTEGFP (^o^xs/^) W^PM^fcli 
44 8 0 0X-fc*), i^WttO . 6 0 0 Xh5> 0 ^AM&3&fi£tt#^ 1 * 

*tV>r.t»4^3fe* s »V>*:%^1-o ioTEGFP "J: O-t^A****, itfWO 
*#*#vv«6W©Sfr3fegasrtt, EGFP £0t>J:»)3ftv^ft£aH-5. aiB** 
tf£ft<B**»g£HL-CW: EGFP i*36W©$ftgaSti: <0ffflfc*t *Hti* 
*3SWO*3t«eftO©jB, S&tt*^* h/WiEGFPO^nt-Jt^Tv-^- 

**Wot3tI6R», P H5~1 2<0ttHK:*JV^*3t#14OpH«5Stti9$ 
(6v^i:£#&i1-5 e IP*>* p hs~ i 2<a$5ffl{£&^T'&«&©fcW1it[ 

c? *TO* 5 E G F P <Dm^at, p H 7 KTT?tt»3t»«* s teT1- 

( a ) sb?ij#^ i {cfam^T 5 ; mmm 

(b) M^m^i^t&m<ors. /m&Wfc&^x lfrbmmor $ /&<^&, 
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±15 , (b) -cm 5 r»*»ttj u Eyij#*ncia 

^IJ(C*3Vn-C 7 6#BOGln ft Arg fc, 1 0 6 #g £> Asn ft Asp 118#S© 
IleftThrtC 1 5 0#i© Asp ft Gly ■£ LT 1 5 7 #@ (75 Val ft Asp KB 

£Lfcr$/ira#iftw-rs* **«eK***rfe>*i5. 380 

vmk 484 nmfcajg©tT-*ft«Mb, V^f tl<0.@)m\Z.£oXi>%&X'<? hMt 
501 nm Kfc'-^ft^-f, ^ 5?* — fc®fi©fc>- 380 nm 9, — 
>7 Mi 120 M&##fc*#*H**oT1f*5. -vf^-^484 nm <Z>]g|j£tf> f 
pH 6'*»b pH 10 {C[6]^oTffi^i|J!jp-f-5^, 380 nm ©BfiOtf— *tt»4-. 
«L&V\, ^Ofcft, 380 nm i 484 nm OSbjgftttl ± 5«^Oitft$J5 - t 
tC«fc»K pH &W£1-3r.fcflS in vitro Xtt»jartfc*V^TprtBT?as>5. 
*7 V* 9 GFP ogfeSS^fc t> 2 oOJKl® * ©ifljfrO pHS!l^-Ct 5 
t>tf>##£-f 5;&S(pHluorinh AG-pH ilotit*© tf— ^fiCSrfiS 
■CI±4V\ tot> CO^seSttt,-380nm<oe , -^Srajg't-5wi:KJ:9 pH 

±saEft*^r*-5*3tfieit«)»Jo-«ifc trt^ ib?h##i iciest 5 / 

^IB^JK&^-Cl 2 3#@tf> Val ft Thr {C, 1 8 8 # g <D Tyr ft Ala fC % 190 

#gtf>phe ft Lys fca^t/cr ^ j ft s , *3t«eft**»/bn«. 

wOieRUJjltft-CSttS, 3fe«ajB93fe»iJ;*)^*ft«BUfctt*, 34kDa 
ft^S St P£*#te*505 nm, m&U±492 nm ft^1" 0 
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t><fcv\, 

^▼-«rtt«-U-tltfe*fflv^±BLfcJ:5<i:#ti©^*P©*3fe«ail©cDN 
A^o-^l(ffliatPCRSffTp:ii:J:5, #38W0>*ftS6fr& = - K 
1-5DNASrJ&#-T5ri:^-e#5o *»W©»3tflEeK*3— KtSDNA© 
-SBWBrtf * ±15 b fc P C R J: «9 fEH UfcDN ABfrtt £flf!# lc 

U ii^-t-Sr i:tc«fc !? % BfS©*3fcga*«: = - K1"S 
DNAmrtmS, ^<7)DNASrii^«:|g^^A-r5witJ:9, 

(2) ^tDDNA 

*36WO«3taeftSr = -K-t-5DNA©*{*:Wfc tTIi, &.T<Dfttit*<OD 

(a) EyiJ##HiC«©T5VltE?i|S:3-K-r5DNA ; XI*. 

( b ) iaj(j#-^ i ^1Ei<07 ^ y KE^J^fev^r i a»&»flo7 ^ / 

fll&=»— KtSDNA : 

a»0Jfc£ffi?lJ SrW^ 5 D N A# W fc'ft*. 
( a ) 2 tC|E«(Z)JfiSia5iJ ; XW\ 

8 
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mm-. 

su ^gw^^-fc/Bv^Ky mmfrfo (pcr) tctox^jg 

Molecular Cloning: A laboratory Mannual, 2 nd Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. , 1989 „ 36 XT K Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) {^|5<fe 

(3) *&W<D*8.&&*-^-? 

<bcfcV\, 

tn&>»k «£<&««iofc erases a. 

X •7;H>v ? s = y^ • T 5. 7 — iSGS (Bacillusstearothermophilus 
maltogenic amylase gene), ^fvU;* • ]) fr ~7fr/y ^ 7> a 7^7 — £3H5^F- 

9 
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(Bacillus licheniformis alph'a-amylase geneK /^f-jV^ • 7 % n ]} ^r77f x 
'BAN T 5 7— -^ifi-fs^f- (Bacillus amyloliquefaciens BAN amylase geneh 
s<^/UX • f-y^-y ^ • 7/VjJ V /DT7-ftgf (Bacillus S.ubtilis 
alkaline protease gene) h L< Hy^/Wi • • ^ v-n -^jtfi^ 

(Bacillus pumilus xylosldase gene)<D;/D^>— ~£tlfe7T— %? * y&tfd) 
P 8 ^U< HP^D^- 9\ XffiM<D lac, trp 3gr L < Ht tac ^n*— ttaZft 

T-l (p<*P^;fr^yjt^) /p^^, Jfcli7fy^^2if»i 

/n^^^^5|,5 o ssLiNnjia-e^si^^^n^— tomb tr«, 

Ky yT'o^-^, p i oyn^-^, h^777 • # y ^/u-^ • y^ 

<DZfv*—?, T/U=»— /i^t Koyt-^lfif^n^-^, TP I l^P^t 
t p i AT'p^-* 

^^-«X(c % /KyTx=v-^3 ^^^/w(«»jx«sv4 o^fc^Tx/^-r 
/WEib ig^ft <z» , te¥ jc. ^ >-y-ia^j (0ij s v 4 o ^) 
*it5HiR3t^>^E5i|(«*.rfrf f y iM/w* va rna K-J-Sfc 

10 
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*-bLXft, mz-ft. KnUSfcl^* — if (DHFR) HtcttisSy-v 

^n^m&xhz,, 

i 

(4) *3§9i(ft^gi£&ft 

t?L^!ao0iJ^bT«:> HEK2 9 3», HeLalR, COSif8/f&. B 

11 
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5&Blic3#2£{f bft, tfllX-tf, y-y1) u-v(±x - ± uev'.x(Saccharomyces 
cerevislae) iZtciiZ'V' y 2) p^t^' -fe-X • ( S accharomyces kluyveri)^ 

T# <5 (0!l;t{i, Baculovirus Expression Vectors, A Laboratory Manual ; IkX^ 
# l/y l> -:/n /UX--f ^-^U^ 7—- /^^dv'- > Bio/Technology, 

6, 47(1988)^(C|5tt) 0 

57^h^777'*!i 7 • * * UT — ]) ^ h*P ^ • ^</V^ 

(Autographa californica nuclear polyhedrosis virus) ^^rfflV^C h. fiX% <5„ 
Wi&MI&k. LTtt, Spodoptera frugiperda <D$m®tt&XhZS i 9, S f 2 
1 O^^p^/I"* • ^^7'i^?'i/3> x x 7-?4t7h!£~< 

^ = a7/K ^Ua-'X'ff^D-YV.ryK^y^-ff. H. Freeman 
and Company), 3 — ^ (New York), (1992)), Trichoplusia ni <D$m®l%& 

XhZH i F i v e (^tf bP^y^^&fflV^rtas-CtS, 

12 
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i»35t**»ii1»-e«*-r*. JRmEift*©^**^, 
^«lfii-rs(c|l, atteS&fToWi* »«fe«r/Bv\fctfJ:v\ 

— X^<DUi?l/%m^tcfe'(*y : £&?a-? h^77-f-S, S-SepharoseFF(7 

**Woi»^*3feSeKoJS#**tov^rri#^cf6!ISW:*<, ft^fcjfcfcJ: 

^ - £l£ff- U *?8K(0t)feSe KOjI^-tF «r£ tf D N A »r *S! Kl L T P C 
r£*t5 r. tick 9, #3£93o«7fcM6«&=i- K"f 5DNA&«MS1-5©fci& 
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«eK* = -Ki-5DNA*Jail*^fc^<^^-S:«*U wH*1&*»ISfc« 

s<?Z — X\-t, TpNEOj (P. Southern, and P. Berg. (1982) J. M01. Appl. Genet. 
1:327 ) x r pCAGGS J ( H. Niwa, K. Yamamura, and J. Miyazaki. Gene 
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108,193-200(1991)), r p Rc/CMVj U V f V P V ^ttft) x T P CDM8J (^fc'hP 
f fV%mt$.V&M&R' < >t r *-T*l*, r p RS303j, r p RS304j, r p RS305j, r P RS306j, 

r P RS313j , T P RS314J , T P RS315J ,[ P RS316] (R. S. Sikorski and P. Hieter (1989) 
Genetics 122: 19-27 ), T P RS423 J , r pRS424 J , T p RS425j , T P RS426 J 

(T. W.Christ ianson, R. S. Sikorski, M. Dante, J.H. Shero, and P. Hieter (1992) 
Gene 110: 119-122) ft JftfftSKlJflV^ btl%> 0 

BalbC-3T3 ^fflia, NIH3T3 CHO (Chinese hamster ovary) HeLa jffl 

IS> NRK (normal rat kidney) JftBUS, TSaccharomyces cerevisiaej ft if C9g£-gHfflJ5S 

4>*i&® (e. con) aiaft^srttffl-t-ss.i^'c^s. * -<r>miE.um^to 

SP^>, *»WOi»'&*3t5«S: = -Ki-5DNA'CJg|tteift**:W:h9^7 
yb 09) ^iB«l«?*f^e (ATTO f'^/W^^Tt^fH fcjffcjflwc 
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#*W0>3r#S&ft<0#frW\ S!jjg)t4 7 0-4 9 Onra, f )t5 0 0~5 6 Onm 
(6) *&W<D*v b 
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nriw 

(1) total RNA^ttffi 

(Galaxea fascicularis) Srffi^fco 7f ^fy^yr^ X*%% , Sfc^fclf- 
y^8g \Z" TRIzol" (GIBCO BRL) £ 1 5 m 1 l)\lZ_XffiW U 15O0Xgt?l 

TOS LfCo 7500Xg-Cl 5#fMJjg'fr tfc 0 ±ff}C-r y/n /V -;W7. 5 m 
1 StAOjU 1 5 fmmW Lfc&, 1 0 tfco HOOOXgtlO^ 
it^tyto ±m*£X7 0%^* /-/l>*6m\toz.Xl 7 000Xg-C10^ 
^jt^LfCo ±«£&-Ci*Jg£ DEPC tK2 0 0 m 1 xmMLtc DEPC TK^fifb 
total RNA ^10 0 fglC^ UO.D. 260 h 0. D. 280 (D^W^^X RNA itS 
£riiofc 0 300 m total RNA £r#fc 0 

( 2 ) First strand cDNA CD-o*fi£ 

total RNA 3/zg L, First strand cDNA (D&J$*r >y h" Ready To 

Go" (Amersham Pharmacia) <Q cDNA(3 3 n 1 )&-g-J&Lfc. 

(3) Degenerated PCR 

£-J5feLfc First strand cDNA(33 M \)<D o h 3 n 1 LT PCR £fTofc 0 

5' - GAAGGRTGYGTCAAYGGRCAY-3 ' (primerl) (IB?iJ##3) 
5' - ACVGGDCCATYDGVAAGAAARTT-3 ' (primer2) (|E?iJ#-§-4) 

RteAXteGSr^U YttCXteTfc^U VftA % CX« Cfc^U 

UT<D PCR SC^m^^^ffl tfc 0 
Tls-fXs— Y (first strand cDNA) 3.ul 

17 
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X10 taq ^777- 5ju 1 

2.5mMdNTPs * 4jz 1 

100 mM primer 1 1m 1 

100 /iM primer2 1m 1 

^ y Q 35 m 1 

taq polymerase (5U/ n l) 1 /z 1 



9 4°CT'1^(PAD) 
9 4°C-?3 0^ 

5 2tt3 0# (7=^!;^) 

7 2 -"C^C 7 
4<C 

1^ PCR £*rofc 0 7# n-^^m^ft-C^^tlfc^t £© 350bp 

fitfi L DNA Wrft £ pT7-blue vector (Novagen) \Z 9 4 ? — *s a V L fc, *M 
tfc (TGI) Id F7^7t- i/a ylt7'/u- *!7^ hi-rU^a :/&frV\ 
6^=ci:=— <D*j»BJ: 9 plasmid DNA^®!L-C, .^AStbfcDNA Wf^tSS 

e-f-©ffiSE9l tit^VX^O DNA &££?dtf£ft£ & * 5fe© t>©T-& § 
Iffbfc. ^geftte^O-aJTJfcStJfUIWUfctOfcHU-C, 5* -RACESfc&J; 

(5) 5' -RACE 
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Degenerated PCR "C# h tilt DNA $Ut£> 5' flOttSEJflSrfcjfe-J-Sfci&te 5* 
-RACE System for Rapid Amplification of cDNA Ends, Version 2. 0(GIBC0 BRL) 
Srffl^T, 5' -RACEifc&fTofc, mmtLX (1) T-MbfctotalRNASr3 M 

dC-tailed cDNA (75— HI g O^lCte, 
5' -GGCCACGCGTCGACTAGTACGGGI IGGGI IGGGI IG-3 ' (gH^J#-^5) 
5* - AAAAGTCTGCTTGAAATAGT-3' (IE?IJ##6) 
(D-f ysti—^m^^tz. ( I y ->V&^1-) 0 

-lElBOiii|>S{C«, 
5' -GGCCACGCGTCGACTAGTAC-3 ' (IE#l#-§-7) 
5' - TGTCAAGATATCGTAAGCG-3' (SB?iJ#-§"8) 

titSl Lfc DNA Wr^Sr pT7-blue vector (Novagen) JC ?<y-*/sy Lfc 0 *JBS% 
(TGI) |Ch7^7t-^-^3V tt^-*!7^ h-fe a ^£f?V\ £ 

v N=in^-O^:Jli®J:0 plasmid DNA SrttfibT, If A&ftfc DNA BftfOttSE 

?IJ & DNA * a: Vf— K ± 0 jfcjfe L fc„ 
(6) 3' -RACE & 

Degenerated PCR "C#S>nfc DNA Wr^O 3' {MW^tt, (4) O&ggB^IJfc^-? 

»e>ttfcfflf ^^si-f^si l^t"^ 1 * y =* dT -fy << pcr xmc.m 

lilt (2) -CM Lfc first strand cDNA & 3 /x H£ffl Lfc e MLfcT*? 
'f-r-te , 5' -ACTATTTCAAGCAGACTTTT-3 ' (priraer3) (iB?lJ#-^9) 

^Ttf> PCR R}&mW.!$.*Gim Ufc 0 
T^T"!^— h (first strand cDNA) 3m 1 
X10 taq My7r- . 5/xl 
2.5mM dNTPs 4 M 1 
20 fiU primer3 Ifi 1 
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10 nU oligo dT primer 



5 V Q 



35jzl 



taq polymerase(5U//x 1) 



9 4°C-C1#(PAD) 

9 4tT'3 0# (gtt) 

5 51C-C3 0# (T^— y>^) 

7 2ttl^(y7-f-7-M) 

±15 3 x T y Zf* 3 0 V -4 9 Aff o fc 0 

7 2tt-7^ 

T3tfo-^^«*flc»-C^(I**lfc8B0bp©/<>' K«r£J0 WUKLfc. 

t 7i DNA Wit £ pT7-blue vector (Novagen) \Z.y4 tf—iSB V Lfc 0 ^JMtfc 
(TGI) lch7^7t->-i/3yU^-^^ h-feu^a y£rfrv\ & 
V^cr^-0*:ai@J;9 plasmid DNA £ifif§!i L"C, JspA^ttfcDNABrtfw&SBB 
#1 DNA i7 a: y -9— It J: «3 ^ Lfc. 

(7) *Mw«e*3i 

U ( 2 ) -CISSl tfc First strand cDNA £ bt PCR SrtrofCo £ 

5' -CGGGATCCACCATGGTGAGTGTGATTAAACCAGAGATGAAAA-3' (primer4) (!B?IJ#-5§- 1 
0) 

5 ' -TCCGCTCGAGCTTGGCCTGACTCGGCAGCATAGAA-3 ' (primer5) (IB?lJ#-§" 1 1 ) 

UT<D PCR BUSmLAtrlSH tfc 0 
fX/U- h (first strand cDNA) 3ji'l 
X10 pyrobest 5m 1 
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2.5roMdNTPs 4yl 

20 y M primer4 l/i 1 

20 y M primer5 1^1 

^;yq 35 M i 

pyrobest polymerase (5U/ n 1) 1 n 1 



&T<0PCRKJ£&#&te/8Lfc. 
9 4t-ei:£(PAD) 
9 4 < C'C3 0^(^tt) 
5 5tt*3 0# (T=-y ^) 
7 2°C-C1^- 

7 2tt7»(*ftO#ft) 
4°C 

T pET28 vector (Novagen) Afcoi\ *Mfcfc1f^ n- = ^U, *fl§®#c 
(JM09-DE3) -ClSm^-e-fe. C His-tag «t 5 ^ h 7 ? b Lfc 

<7>-CH^e« Ni-Agarose gel (QIAGEN) -CltSi Lfc 0 ttSlO^SfettftJRO^n h 

(8) *3fe4*tt©»«f 

i£ft®&20/zM (^1:27026.52), 50mM HEPES (pH7. 5) ®m*R^X, R4K 
X^<? hWfcWfcbfc. b*<Dt°~? (492nra) ©«[J: 9 

SrlW LfCo 450nm ©RUM* 0. 003 i * 6 J; 5 fc*#56 &±fE©tt«i0re## 
U 450nra T1$)&LfcB#<fl^£;*^ 540nm SEfrg*^ h/W 

fcSHfe Lfco EGFP(CLONTECH) %m$iK 450nm OKftiS 0. 003 i: &5 <fc 5 fc.Ut* 
WHfrSMfcU EGFP 0. 6 t LX<$®? o-s^^SJx/t* 

1 0 1 ^1", 
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*1 :*^Oty^5l5«ief (Azarai-Green) tEGFPfcOftd 





Azarai-Green 


EGF P 




4 9 2 nm 


4 9 0 nm 




5 0 5 n m 


5 0 9 nm 




7 4 10 0 


4 8 8 5 0 




0. 6 2 5 


0.600 




4 Si* 






*L 


p K a = 6 . 0 




2257^;® 


2387^/^ 






Rite 



(9) p HJ83H4©JH£ 

450nm ©RlRiS 0.003 £ ft5<fc 5 50mM HEPES pH7.5 

450Mi.-cajBUfcB#O«3te^^^ 540nm <D*3tfc J: *afi*'<* H/HSrSI 

5tLfc e EGFP(CL0NTECH)t ) |^^{CpH7.5^jo^S 450nraro^l|X^0.003 

pH4, 4.5, 5 : ft»/<y77- 
PH5.5, 6.5, 11 : !)V»A(y77- 
pH6 : MES /< y 7 7 — 
pH7 : MOPS /<y 77" 
pH8 : HEPES 7 7 — 
pH9, 10 : v/^y77" 
PH12.5 : 7K^b^'^b^5'7 7 , - 
ff£tir*ttH 2 1^1% 

do) &±vmi$.(DMfe 

SflfigSS: 50mM HEPES pH7. 5, 150mM KC1 3fcifci§L(C J: 5 &ikfc 
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H^J 2 : pH ^gtt^gft (AG-pH) Offrfc 

Azami-Green fct pH ^gtt£j$fc-f > pH 5. 5 pH 12. 5 —><D^ 
7fe£$o 0 t^L, Azami-Green <D 76 #@<D^>W^ 5 l/^Tfrlc-^K, 106 # 

fCpH«5ltt*ii#Ufc. AG-pH £ Lfc, 

AG-pH 380 nm t 484 nra iCSb&Ot'— ^ £&0 0 WFHOgnefcioT fc* 
h/WS501 nmJCt°— ?*7rr? 0 > S^-ftlBb&O f — ^ # 380 nmffc 
I9> * h— **i/:7 M± 120nm fcoTVVS. &484 

nmOSl)®(Dt 0 — ^W:pH 6^^>pH 10 |C|Rj^oTf[ASJfiaq-J-5*S, 380 nm Oib^ 
Of-^fitli^fcL&V^ ^rOfcfc, 380 nm £ 484 nm 5£#fi£<D 
Jt_*«5iifcJ:0, pH SrW^Sit^ in vitro XttfflJ&rtteJs^"^!!-? 

5 0 7 >^ 7 ^S&tf) GFP OQfcXttK t> 2 o<DKj& k°— ^ <7>i#$c-? pH 

a^5T-§5t©^#^5^(pHluorin), AG-pH iiSoT^Ot 0 -^^-^ 
tt*R«t>©-CW:jfeV\ IfciSoX, £<D&«*3fc*eftH:38<>nm<Blf— *&gb 

6, 7, 8&tf9) 0 

Azami-Green tt* ^ O G3 Sft: 5 # % 123 # i y h V{C, 

188 # S <D7- p 5/ ^£7 7 ' — ^,190 # B ©7 x =-/^7 7 y v> & 

O5tMSrLfc(34kDa) 0 ^CO^^*M7t^&«<Sr mAG tLfc, mAG f±»&Sl 
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Azami-Green t P C^H* 505 nm, m&&* 492 nm £*rf (Hi 0 11), 
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1. Tif^f-^ (Galaxea fascicularis) A*OTIB©4*tt*W1*5*3te 

. ( 1 ) tH-Mlim 2 7 0 0 0; 

( 2 ) Wmitftmx- 4 SrJgfiW* 5 ; 

(3) ®mM±fc&&4 9 2 nmT*fc«K *3tS^:jftftW: 5 0 5 n m-C£>5 ; 

(4) ^/HM^$:f±7 4 1 0 0-Cfc3 ; 

(5) S^iK^ttO. 6 2 5T-fc5 ; 

( 6 ) p H 5 ~ 1 2 <0|5H»C*iV>Ti&3t#ttO P HJ«ate#<6V* : 

2. «T©-wtt*>oT._5 ;tmm*%ir 

( a ) BB^J## 1 \Z.UWL<OT % J HB?U ; X«U 

(b) gB3?iJ#-^ 1 fclE*W>T 5 /KEWtosv^ 1 *»bSfcfl©T 5/16©^*, 

3. E?!I#*imiattor5y»E?0lci3V^r7 6-#BOGlnSrArgtJl, 10 
6 # g <D Asn £ Asp fcl, 1 1 8#l© He * Thr tC, 1 5 0 # g O Asp £ Gly 

4 . EJIJ## 1 fcHBUfeOT 5 / KEfllfcfcV^T 1 2 3# g Val £ Thr £ % 1 
8 8#g£>Tyr &Ala{C, 1 9 0#g <D Phe Sr Lys UfcT 5 / ^E^JSrW 

6. £lTO^tb*»©DNA, 

(a) EW^-lJClE^OT^/lgE^JSra-F-tSDNA ;Xtt, 

( b ) &?IJ#^ 1 fcEtt<0T 5 / MMEWtefc^-C 1 ^ b&8<07 ^ J $tf>£& % 
Blft&V/XHtftJP^i-ST 5 /»E#J.**TU 1£##&£;ppf 5T t/»E 
5FiJ£n- K-T-5DNA : 
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7. KTOfirtt^OifiSK^JSr^r-rSDNA. 

( a ) mm^ 2 k&m<d&£&m ; 

( b) E»f 2 fc|Btt<&i8«SB?»Jfc*5^T 1 i^ti^IS©^, HlfcRtf 

8 . f»5fcig 5^67 <0^*»Kl|E«l© D N A * * 

1 3. WsftJSl 0^1 2 0{pTtt^|E«Oi|6^e®^^F fe 9'C^m$^: 
1 4 . »*3® 1 d> b 4 o^tb*^{E«oS*fi eft, 5 f> 7 <Z>fa*l 
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SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent proteins 
<130> A21606A 
<160> 11 

<210> 1 
<211> 225 
<212> PRT 

<213> Galaxea fascicularis 
<400> 1 

Met Ser Val He Lys Pro Glu Met Lys He Lys Leu Cys Met Arg Gly 

1 5 10 15 

Thr Val Asn Gly His Asn Phe Val lie Glu Gly Glu Gly Lys Gly Asn 

20 25 30 

Pro Tyr Glu Gly Thr Gin He Leu Asp Leu Asn Val Thr Glu Gly Ala 

35 40 45 

Pro Leu Pro Phe Ala Tyr Asp lie Leu Thr Thr Val Phe Gin Tyr Gly 

50 55 60 

Asn Arg Ala Phe Thr Lys Tyr Pro Ala Asp lie Gin Asp Tyr Phe Lys 
65 70 75 80 

Gin Thr Phe Pro Glu Gly Tyr His Trp Glu Arg Ser Met Thr Tyr Glu 

85 90 95 

Asp Gin Gly He Cys Thr Ala Thr Ser Asn He Ser Met Arg Gly Asp 

100 105 110 

Cys Phe Phe Tyr Asp lie Arg Phe Asp Gly Val Asn Phe Pro Pro Asn 
115 120 125 
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Gly Pro Val Met Gin Lys Lys Thr Leu Lys Trp Glu Pro Ser Thr Glu 

130 135 140 

Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val Asn Met Ala 
145 150 155 160 

Leu Leu Leu Glu. Gly Gly Gly His Tyr Arg Cys Asp Phe Lys Thr Thr 

165 170 175 

Tyr Lys Ala Lys Lys Asp Val Arg Leu Pro Asp Tyr His Phe Val Asp 

180 185 190 

His Arg He Glu lie Leu Lys His Asp Lys Asp Tyr Asn Lys Val Lys 

195 200 205 

Leu Tyr Glu Asn Ala Val Ala Arg Tyr Ser Met Leu Pro Ser Gin Ala 
210 215 220 

Lys 
225 

<210> 2 
<211> 678 
<212> DNA 

<213> Galaxea fascicularis 
<400> 2 

atg agt gtg att aaa cca gag atg aaa ate aag ctg tgt atg aga ggc 48 
Met Ser Val He Lys Pro Glu Met Lys He Lys Leu Cys Met Arg Gly 

1 5 10 * 15 

act gta aac ggg cat aat ttc gtg att gaa gga gaa gga aaa gga aat 96 
Thr Val Asn Gly His Asn Phe Val He Glu Gly Glu Gly Lys Gly Asn 

20 25 30 

cct tac gag gga acg cag att tta gac ctg aac gtc act gaa ggc gca 144 
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Pro Tyr Glu Gly Thr Gin lie Leu Asp Leu Asn Val Thr Glu Gly Ala 

35 40 45 

cct ctg cct ttc get tac gat ate ttg aca aca gtg ttc cag tac ggc 192 
Pro Leu Pro Phe Ala Tyr Asp lie Leu Thr Thr Val Phe Gin Tyr Gly 

50 55 60 

aac agg gca ttc acc aag tac cca gca gat att cag gac tat ttc aag 240 
Asn Arg Ala Phe Thr Lys Tyr Pro Ala Asp lie Gin Asp Tyr Phe Lys 
65 70 75 80 

cag act ttt cct gag ggg tat cac tgg gaa aga age atg act tat gaa 288 
Gin Thr Phe Pro Glu Gly Tyr His Trp Glu Arg Ser Met Thr Tyr Glu 

85 90 95 

gac cag ggc att tgc acc gee aca age aac ata age atg cgt ggc gac 336 
Asp Gin Gly lie Cys Thr Ala Thr Ser Asn lie Ser Met Arg Gly Asp 

100 105 110 

tgt ttt ttc tat gac att cgt ttt gat ggt gtg aac ttt cct ccc aat 384 
Cys Phe Phe Tyr Asp lie Arg Phe Asp Gly Val Asn Phe Pro Pro Asn 

115 120 125 

ggt ccg gtt atg cag aag aag act ctt aaa tgg gag cca tec act gag 432 
Gly Pro Val Met Gin Lys Lys Thr Leu Lys Trp Glu Pro Ser Thr Glu 

130 135 140 

aaa atg tac gta cgt gat gga gtg ctg aag ggt gat gtt aac atg get 480 
Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val Asn Met Ala 
145 150 155 160 

ctg ttg ctt gaa gga ggt ggc cat tat cga tgt gat ttc aaa act act 528 
Leu Leu Leu Glu Gly Gly Gly His Tyr Arg Cys Asp Phe Lys Thr Thr 

165 -170 175 

tac aaa gca aag aag gat gtc cgt ttg cca gac tat cac ttt gtg gac 576 

3/7 



WO 03/033693 



PCT/JP02/10529 



Tyr Lys Ala Lys Lys Asp Val Arg Leu Pro Asp Tyr His Phe Val Asp 

180 185 190 

cac cgc att gag att ttg aag cat gac aaa gat tac aac aag gtc aag 624 
His Arg He Glu lie Leu Lys His Asp Lys Asp Tyr Asn Lys Val Lys 

195 200 205 

etc tat gag aat gec gtt get cgc tat tct atg ctg ccg agt cag gec 672 
Leu Tyr Glu Asn Ala Val Ala Arg Tyr Ser Met Leu Pro Ser Gin Ala 

210 215 220 . 

aag taa 678 
Lys 
225 

<210> 3 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 3 

gaaggrtgyg tcaayggrca y 21 

<210> 4 
<211> 23. 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 4 



acvggdccat ydgvaagaaa rtt 



<210> 5 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 5 

ggccacgcgt cgactagtac gggiigggii gggiig 36 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 6 

aaaagtctgc ttgaaatagt 20 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 7 

. ggccacgcgt cgactagtac 20 

<210> 8 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 8 

tgtcaagata tcgtaagcg 19 

<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 9 

actatttcaa gcagactttt 20 

<210> 10 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 10 

cgggatccac catggtgagt gtgattaaac cagagatgaa aa 42 

<210> 11 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 11 

tccgctcgag cttggcctga ctcggcagca tagaa 35 
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